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Background and Purpose Visual hallucinations (VH) and subjective cognitive complaints
(SCC) are associated with cognitive impairment (CI) in Parkinsons disease. Our aims were to
determine the association between VH and SCC and the risk of CI development in a cohort of
patients with Parkinson’s disease and normal cognition (PD-NC).

Methods Patients with PD-NC (total score of >80 on the Parkinson’s Disease Cognitive Rating
Scale [PD-CRS)]) recruited from the Spanish COPPADIS cohort from January 2016 to Novem-
ber 2017 were followed up after 2 years. Subjects with a score of 21 on domain 5 and item 13 of
the Non-Motor Symptoms Scale at baseline (V0) were considered as “with SCC” and “with VH,’
respectively. CI at the 2-year follow-up (plus or minus 1 month) (V2) was defined as a PD-CRS
total score of <81.

Results At VO (n=376, 58.2% males, age 61.14+8.73 years [mean=SD]), the frequencies of VH
and SCC were 13.6% and 62.2%, respectively. VH were more frequent in patients with SCC
than in those without: 18.8% (44/234) vs 4.9% (7/142), p<0.0001. At V2, 15.2% (57/376) of the
patients had developed CI. VH presenting at VO was associated with a higher risk of CI at V2
(odds ratio [OR]=2.68, 95% confidence interval=1.05-6.83, p=0.039) after controlling for the
effects of age, disease duration, education, medication, motor and nonmotor status, mood, and
PD-CRS total score at V0. Although SCC were not associated with CI at V2, presenting both
VH and SCC at V0 increased the probability of having CI at V2 (OR=3.71, 95% confidence in-
terval=1.36-10.17, p=0.011).

Conclusions VH were associated with the development of SCC and CI at the 2-year follow-up
in patients with PD-NC.

Key Words cognitive impairment; dementia; parkinson’s disease;

subjective cognitive complaints; visual hallucinations.

INTRODUCTION

Cognitive impairment (CI) is one of the most important non-
motor symptoms that can appear in patients with Parkinson's
disease (PD).' The full spectrum of cognition appears in indi-
viduals with PD, ranging from normal cognition (NC) to mild
cognitive impairment (MCI) to Parkinson’s disease dementia
(PDD).> About 50% of patients with Parkinson’s disease and
normal cognition (PD-NC) develop MCI within 6 years,’ and
almost 40% of patients with Parkinson’s disease and mild cog-
nitive impairment (PD-MCI) subsequently develop PDD.* Al-
though findings vary among studies, the cumulative preva-
lence rates of PDD were found to be 17%, 46%, and 83% at 5,
10, and 20 years after diagnosis, respectively.’ Since dementia
is a frequent and highly disabling complication in patients
with PD, it is important to identify predictive factors for CI
development. The most-established risk factors for early de-
mentia are old age, motor symptom severity (particularly
postural and gait disturbances), MCI, and visual hallucina-
tions (VH).®

VH are a common symptom in PD, affecting up to 45% of
patients without dementia and 65% of those with PDD.” Im-
portantly, the early presence of VH is a strong predictor of
cognitive decline,® as well as increased mortality and reduced
quality of life (QoL) for patients and their caregivers.” Subjec-

tive cognitive complaints (SCC) have more recently been sug-
gested to be an independent predictor of MCI development
in PD-NC.'*"! SCC is the subjective identification of cognitive
decline in people who may or may not have had impairment
detected in neuropsychological tests.”” The prevalence of SCC
in PD reportedly varies from 30% to 60%,'*"* and up to 70%
of patients with PD-NC who develop CI over time have SCC
at baseline." However, the etiology of SCC can differ among
patients, and they can be related to cognitive decline as well
as to depression or other psychiatric symptoms.'>'>""”

In this context, the relationships among SCC, VH, and CI
are unknown, and it is unclear how VH and SCC contribute
to CI development in patients with PD-NC. We hypothesized
that the VH prevalence is higher in patients with PD-NC with
SCC than in those without SCC and that both VH and SCC
together could increase the risk of CI development in patients
with PD-NC. Our aims were to determine the frequencies of
VH and SCC in a PD-NC cohort, to perform comparison with
a control group, and to determine the relationship between
cognitive function and factors associated with VH and SCC
and the risk of CI development at a 2-year follow-up. More-
over, we analyzed the values of different serum biomarkers
(SB) regarding the presence of VH and SCC.
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METHODS

Patients diagnosed with PD from January 2016 to November
2017 and controls were recruited from the COPPADIS co-
hort for inclusion in this study, and were evaluated again at a
2-year follow-up in 35 centers in Spain.'* The methodology of
the COPPADIS-2015 study can be found at https://bmcneu-
rol.biomedcentral.com/articles/10.1186/5s12883-016-0548-
9." This was a multicenter, observational, longitudinal-pro-
spective, 5-year follow-up study designed to analyze disease
progression in a Spanish population of patients with PD. All
patients included were diagnosed according to the UK PD
Brain Bank criteria.” The same inclusion (except PD diagno-
sis) and exclusion criteria were applied to patients and to the
controls (subjects with a disabling neurological or nonneu-
rological condition were excluded). Only subjects from the
COPPADIS cohort without CI at baseline (i.e., PD-NC, corre-
sponding to a total score on the Parkinson's Disease Cognitive
Rating Scale [PD-CRS] of <81)* were analyzed in this study.

Information on sociodemographic aspects, and factors re-
lated to PD, comorbidities, and treatment were collected. The
evaluations performed at VO (baseline) and V2 (2-year follow-
up, plus or minus 1 month) included motor assessments
(Hoehn and Yahr, Unified Parkinson’s Disease Rating Scale
[UPDRS] part IIT and part IV, Freezing of Gait Questionnaire
[FOGQ]), nonmotor symptoms (Non-Motor Symptoms Scale
[NMSS], Parkinson’s Disease Sleep Scale [PDSS], Visual An-
alog Scale-Pain [VAS-Pain], Visual Analog Scale-Fatigue
[VASF]), cognition (PD-CRS), mood and neuropsychiatric
symptoms (Beck Depression Inventory-II [BDI-II], Neuro-
psychiatric Inventory [NPI], Questionnaire for Impulsive-
Compulsive Disorders in Parkinson’s Disease Rating Scale
[QUIP-RS]), disability (Schwab and England Activities of Daily
Living Scale [ADLS]), and QoL (39-item Parkinsons Disease
Questionnaire Summary Index [PDQ-39S]], 8-item EURO-
HIS-QOL index [EUROHIS-QOLS]).” A higher score indi-
cates a more-severe finding on each scale/questionnaire except
for PD-CRS, PDSS, ADLS, and EUROHIS-QOLS, for which
the opposite holds. In patients with motor fluctuations, motor
assessments were performed during the Off state (without
medication in the last 12 hours) and On state. On the other
hand, the assessment was only performed without medica-
tion in patients without motor fluctuations. The same evalu-
ations (except for the motor assessment) were performed on
the control subjects at VO and V2."

Cognitive assessment and cognitive status
classification

Cognitive statuses at VO and V2 and the changes between
these time points were assessed using the PD-CRS,” which is a
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cognitive screening battery validated to assess the cognitive
status of patients with PD. The total score is the sum of the
frontal-subcortical (FS) subscore (item 1, immediate free re-
call verbal memory; item 3, sustained attention; item 4, work-
ing memory; item 5, unprompted drawing of a clock; item 7,
delayed free recall verbal memory; item 8, alternating verbal
fluency; and item 9, action verbal fluency) and the posterior-
cortical (PC) subscore (item 2, confrontation naming; item
6, copy drawing of a clock). According to the PD-CRS total
score, each patient was classified as cognitively preserved (PD-
NG; score of >80) or CI (score of <81). All patients had PD-
NC at baseline.

VH and SCC definition

Subjects were classified as with or without VH according to
item 13 of the NMSS at baseline (V0).* This is 1 of 30 items in
this scale and is included in domain 4 (perception problems/
hallucinations). The symptoms refer to the those that occur
during the 4 weeks prior to the assessment. The question ask-
ing about VH was “Does the patient indicate that he/she sees
things that are not there?” The score ranges from 0 (without
symptoms) to 12 (most frequent and severe symptoms). Sub-
jects with a score of 0 on item 13 of the NMSS were consid-
ered as “without VH” whereas subjects with a score of 1-12
were considered as “with VH.” The same method was used at
V2, and persistent VH were defined as having VH at both V0
and V2.

Regarding SCC, subjects were classified as with or without
SCC according to domain 5 (attention/memory) of the NMSS
at baseline. This domain includes three questions about cogni-
tion perception: “Does the patient have problems sustaining
concentration during activities?” (item 16), and “Does the pa-
tient forget things that he/she has been told a short time ago
or events that happened in the last few years?” (item 17), and
“Does the patient forget to do things?” (item 18). The score
for each item ranges from 0 (without symptoms) to 12 (most
frequent and severe symptoms), with the total score of do-
main 5 ranging from 0 (without symptoms) to 36 (score of 12
[most frequent and severe symptoms] in all items). Subjects
with a score of 0 in domain 5 of the NMSS were considered as
“without SCC” whereas subjects with a score of 1-36 were
considered as “with SCC” The same method was used at V2,
and persistent SCC was defined as having SCC at both V0
and V2.

SB determination

SB were analyzed among a subgroup of the COPPADIS co-
hort.” Collected blood samples were used to determine dif-
ferent SB, and included S100B protein, tumor necrosis factor
(TNF)-q, interleukin (IL)-1, IL-2, IL-6, vitamin B12, methyl-



malonic acid, homocysteine, uric acid, ultrasensitive CRP
(US-CRP), ferritin, and iron. SB levels were determined from
frozen blood samples obtained from subjects who participat-
ed in the COPPADIS-2015 study from nine centers in Spain.
Sampling was carried out no longer than 3 months after the
first clinical assessment (V0) in the absence of infections and/
or fever. All analyses were conducted at the same laboratory:
REFERENCE LABORATORY (www.reference-laboratory.
es).”” Different methods were used: visible spectrophotom-
etry (iron), immunoluminescence (S100B protein, ferritin,
vitamin B12, and homocysteine), enzyme immunoassay (IL-
1, IL-2, and TNF-a), immunoassay (US-CRP), mass spec-
trometry (methylmalonic acid), and an enzymatic technique
(uric acid). Outliers were excluded from the analysis.

Data analysis

Data were processed using SPSS software (version 20.0 for
Windows, IBM Corp, Armonk, NY, USA). Comparisons be-
tween patients and controls and between patients with and
without VH and/or SCC were performed using Student’s t-
test, the Mann-Whitney U test, the chi-square test, or Fisher’s
test as appropriate (distributions of variables were verified us-
ing the one-sample Kolmogorov-Smirnov test).

The general linear model repeated-measures procedure was
used to test whether the PD-CRS total score, subscores, and
items differed significantly between the two visits (V0 and V2)
in patients with PD regarding the presence of VH and SCC.
The Bonferroni method was used as a post-hoc test after ANO-
VA. Interactions for visit and group were then tested before
testing for group differences over time. Cohen’s d formula
was applied to measure the effect size (in patients with PD),
which was categorized into a small effect (=0.2), medium
effect (=0.5), or large effect (=0.8). Age, disease duration,
education, and levodopa equivalent daily dose (LEDD)* at
V0 were included as covariates.

To explore the association between VH and/or SCC and the
risk of CI, binary regression models were used with the pres-
ence of CI (PD-CRS score <81) as a dependent variable. The
effect was controlled for age, sex, disease duration, educa-
tion, LEDD, motor (UPDRS-IIT and UPDRS-IV) and nonmo-
tor (NMSS) status, mood (BDI-II), cognitive function (PD-
CRS total score), REM behavior disorder (RBD), and taking a
dopamine agonist at VO, which were included as covariates in
the model. Our analysis was based on a clearly specified a-pri-
ori hypothesis and a well-planned regression model, as recom-
mended by best-practice methods.*

All values were quoted to two decimal places, with the ex-
ception of percentage values for which a single decimal place
was used (in the case of zero, it was omitted). A probability
value of p<0.05 was considered significant.
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Standard protocol approvals, registrations, and
patient consents

We received approval for this study from the Comité de Etica
de la Investigacion Clinica de Galicia in Spain (2014/534; De-
cember 2, 2014). Written informed consents were obtained
from all participants in this study. COPPADIS-2015 was clas-
sified by the Agencia Espaiiola del Medicamento y Productos
Sanitarios (AEMPS) as a postauthorization prospective fol-
low-up study with the code COH-PAK-2014-01.

Data availability
The protocol and statistical analysis plan are available on re-
quest. Deidentified participant data are not available for legal
and ethical reasons.

RESULTS

VH and SCC in patients with PD vs controls

At VO, VH and SCC were more frequent in patients with
PD (n=376, 58.2% males, age 61.14+8.73 years) than in the
controls (n=116, 48.3% males, age 62.40+8.46 years): 13.6%
(51/376) vs 0% (0/116) (p<0.001) and 62.2% (234/376) vs.
50.9% (59/116) (p=0.019), respectively. SCC were signifi-
cantly more frequent in patients with PD than in controls ac-
cording to NMSS item 16 (44.4% vs. 21.6%, p<0.001) and item
17 (39.6% vs. 29.3%, p=0.028), but not in item 18 (29.5% vs.
25%, p=0.205).

No VH cases were detected in the control group. In the PD-
NC group, SCC were present in 86.3% (44/51) of patients
with VH compared with 58.5% (190/325) of patients without
VH (p<0.001) (Fig. 1A). In the PD-NC subgroup with SCC,
VH were more frequent than in the PD-NC group without
SCC (18.8% [44/234] vs. 4.9% [7/142], p<0.001) (Fig. 1B).

At the 2-year follow-up, 66 out of 376 patients with PD-NC
(17.6%) presented VH, of which 35 were new cases (10.8% of
the patients without VH at VO0). Only four cases (3.4%) with
VH at V2 were found in the control group. SCC were detected
at V2 in 65.7% and 44% of the patients and controls, respec-
tively. The frequencies of SCC at V2 in the PD-NC and control
groups that did not report SCC at VO were 42.3% (60/142) and
15.8% (9/57), respectively.

Patients with PD-NC with vs without VH at baseline
VH presenting at baseline were associated with a higher LEDD
(661.49+390.14 vs. 529.51+395.02, p=0.011), higher scores on
the UPDRS-III (24.57+11.45 vs. 20.51+9.78, p=0.022), UP-
DRS-1V (2.63+2.67 vs. 1.74+2.26, p=0.009), FOGQ (4.41+
4.45 vs. 3.14+4.41, p=0.005), NMSS (73.55£46.58 vs. 36.55+
29.28, p<0.001), NPI (7.95+9.01 vs. 4.70+6.88, p=0.010),
VASF-mental (2.82+2.43 vs. 1.87+2.4, p=0.004), and PDQ-
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SCCs in PD-NC patients with vs. without VH at baseline

n=376 Il With SCCs
350 ~ p<0.001 [ Without SCCs
300 -
135/325
250 (415)

Number

190/325

(58.5)

PD-NC patients with VH PD-NC patients without VH

A

VH in PD-NC patients with vs. without SCCs at baseline
n=376 1 With VH
250 - p<0.001 1 Without VH
200 -
150
190/234
8 (81.2)
S 135/142
= (95.1)
100 +
50
440234
(18.8)
7/142 (4 9)
142-{4-9}
0
PD-NC patients with SCCs PD-NC patients without SCCs

Fig. 1. SCCs and VH at baseline. A: Frequency at baseline (VO) of subjective cognitive complaints (SCC) in patients with Parkinson's disease with
normal cognition (PD-NC, defined as total score on the Parkinson’s Disease Cognitive Rating Scale [PD-CRS] of >80) with visual hallucinations (VH)
(n=51) vs. without VH (n=325). B: Frequency at VO of VH in patients with PD-NC with SCC (n=234) vs without SCC (n=142).

39SI (26.92+15.87 vs. 13.72+10.75, p<0.001), and lower scores
on the PDSS (110.76+29.91 vs. 119.67+23.42, p=0.035), ADLS
(86.86£9.05 vs. 90.31+8.49, p=0.004), and EUROHIS-QOLS8
(3.67+0.55 vs. 3.8610.52, p=0.026) (Table 1). Specifically, mo-
tor fluctuations (49.0% vs. 28.3%, p=0.003), FOGQ (41.2%
vs. 28.1%, p=0.044), falls (21.6% vs. 8.0%, p=0.005), severe or
very severe nonmotor symptoms burden (66.7% vs. 33.8%,
p<0.001), and major depression (21.6% vs. 10.8%, p=0.031)
were more frequent in patients with PD-NC with VH than
in those without VH (Table 1). No differences were observed
between patients with vs without VH in global cognition (PD-
CRS total score) or FS functions (PD-CRS FS subscore), but
the PD-CRS PC subscores were significantly lower in the sub-
group with VH (26.16+4.58 vs. 28.97+1.46, p=0.001). There
were no differences between patients with and without VH in
the drugs that they were taking: levodopa (72.5% vs. 67.4%,
p=0.286), dopamine agonist (76.5% vs. 71.1%, p=0.269), MAO-
B inhibitor (86.3% vs. 74.5%, p=0.053), COMT inhibitor
(23.5% vs. 16.6%, p=0.156), amantadine (5.9% vs. 8%, p=
0.426), or anticholinergic drugs (2% vs. 3.1%, p=0.547).

Patients with PD-NC with vs without SCC at baseline
SCC presenting at baseline were associated with higher scores

on the UPDRS-IIT (22.25+10.57 vs. 19.2+9.05, p=0.008), UP-
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DRS-1V (2.08+2.47 vs. 1.5+2.05, p=0.006), FOGQ (3.77+4.6
vs. 2.54+4.02, p=0.002), NMSS (51.94+37.05 vs. 24.49+20.64,
p<0.001), BDI-II (9.00£6.92 vs. 4.85+4.42, p<0.001), NPI
(5.93+7.81 vs. 3.68+5.94, p=0.002), QUIP-RS (5.55+9.80 vs.
2.79£6.99, p<0.001), VAS-Pain (2.7242.86 vs. 2.12+2.79, p=
0.019), VASF-physical (3.19£2.67 vs. 2.00+2.45, p<0.001),
VASF-mental (2.44+2.50 vs. 1.27+2.09, p<0.001), and PDQ-
39SI (18.80+13.36 vs. 10.09+8.18, p<0.001), and lower scores
on the PD-CRS (97.44+11.15 vs. 99.92+11.45, p=0.026), PD-
CRS CP subscale (28.30+2.79 vs. 29.07+1.25, p=0.029), PDSS
(113.38+27.12 vs. 126.85%16.54, p<0.001), ADLS (86.76+
9.20 vs. 91.62+7.30, p=0.004), and EUROHIS-QOLS (3.74+
0.54 vs. 3.98+0.45, p<0.001) (Table 2). Specifically, FOGQ
(34.6% vs. 22.0%, p=0.006), falls (12.8% vs. 4.9%, p=0.008),
severe or very severe nonmotor symptoms burden (51.7% vs.
16.2%, p<0.001), major depression (17.1% vs 4.2%, p<0.001),
pain (63.7% vs 47.9%, p=0.002), and functional dependency
(6.8% vs 2.1%, p=0.032) were more frequent in patients with
PD-NC with SCC than in those without SCC (Table 2).

SB related to VH and SCC

No significant differences were detected in SB levels between
patients with PD-NC with (n=64) and without (n=68) SCC
(data not shown). There were also no differences in SB levels
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between patients with PD-NC with VH (n=14) and without VH and SCC development at the 2-year follow-up
VH (n=118) (data not shown). related to baseline symptoms
In the subgroup of patients with PD-NC without VH at base-

Table 1. Disease-related characteristics, motor and nonmotor symptoms, autonomy in performing the activities of daily living, and quality of life
in patients with PD-NC (defined as total score on the PD-CRS of >80) with and without VH at baseline (n=376)

Entire sample Patients with Patients with
PD-NC with VH PD-NC without VH p
(n=376)
(n=51) (n=325)

Age (yr) 61.14+8.73 62.161+8.26 60.98+8.8 0.396
Sex, male (%) 58.2 56.9 58.5 0.473
Disease duration (yr) 529139 5.86+3.74 5.1943.92 0.176
Levodopa equivalent daily dose (mg) 547.61+£396.44 661.491390.14 529.51+395.02 0.0M
Motor phenotype (%) 0.129

Tremor dominant 495 58.8 480

PIGD 340 21.6 36.0

Indeterminate 16.5 19.6 16.0
Hoehn and Yahr stage 2 [1.5-2] 2[1.5-2] 2 [1.5-2] 0.680

From 3 to 5 (%) 7.8 4.7 8.2 0.323
UPDRS-IIl score 21.09£10.11 24.57+11.45 20.51+9.78 0.022
UPDRS-IV score 1.8612.33 2.6312.67 1.7412.26 0.009

Motor fluctuations (%) 31.1 490 28.3 0.003

Dyskinesia (%) 17.4 21.6 16.7 0.253
FOGQ score 3.31+4.34 4411445 3.1414.41 0.005

Patients with freezing of gait (%) 299 412 28.1 0.044

Patients with falls (%) 9.8 21.6 8.0 0.005
PD-CRS total score 98.38%11.33 96.82£10.76 98.62%11.41 0.268
PD-CRS FS subscore 69.791+10.83 70.67+9.07 69.65+11.09 0319
PD-CRS PC subscore 28.5912.36 26.1614.58 28.9711.46 0.001

SCC (%) 62.2 86.3 58.5 <0.001
NMSS score 41.57134.51 73.55146.58 36.55129.28 <0.001

Severe or very severe nonmotor symptoms burden (NMSS score >40) (%) 383 66.7 338 <0.001
BDI-II score 7.4316.41 8.71+7.17 7.2316.28 0.148

Major depression (%) 12.2 21.6 10.8 0.031
NPI score 5.14+7.28 7.9519.01 4.7+6.88 0.010
QUIP-RS score 43%8.1 45+8 3.47+6.88 0.119
PDSS score 118.46+24.55 110.76+29.91 119.671+23.42 0.035
VAS-Pain score 2491284 264129 2471284 0.791

Patients with pain (%) 57.7 60.8 57.2 0.375
VASF-physical score 2.74%2.65 3.35%£2.57 2.65%2.65 0.072
VASF-mental score 2+2.42 2.82+2.43 187124 0.004
ADLS score 89.8418.64 86.8619.05 90.31+8.49 0.004

Patients with functional dependency (9%o) B 9.8 43 0.099
PDQ-39SI score 15.51£12.41 26.92+15.87 13.72+10.75 <0.001
EUROHIS-QOLS score 3.83%+0.53 3.67£0.55 3.8610.52 0.026

Data are percentage, mean+SD, or median [interquartile range] values. Chi-square and Mann-Whitney-Wilcoxon tests were used to compare patients
with and without SCC at baseline. Data on Hoehn and Yahr stages and UPDRS scores were obtained during the Off state (first hour in the morning
without taking medication in the previous 12 hours).

ADLS, Schwab and England Activities of Daily Living Scale; BDI-II, Beck Depression Inventory-Il; EUROHIS-QOLS, 8-item EUROHIS-QOL index; FS, fron-
tal-subcortical; NMSS, Non-Motor Symptoms Scale; NPI, Neuropsychiatric Inventory; PC, posterior-cortical; PD-CRS, Parkinson's Disease Cognitive
Rating Scale; PD-NC, Parkinson's disease with normal cognition; PDQ-39SI, 39-item Parkinson's Disease Quality of Life Questionnaire Summary Index;
PDSS, Parkinson's Disease Sleep Scale; PIGD, Postural Instability Gait Difficulty; QUIP-RS, Questionnaire for Impulsive Compulsive Disorders in Parkin-
son's Disease Rating Scale; SCC, subjective cognitive complaints; UPDRS, Unified Parkinson's Disease Rating Scale; VASF, Visual Analog Scale-Fatigue;
VAS-Pain, Visual Analog Scale-Pain; VH, visual hallucinations.
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line (n=325), 13.7% of the group with SCC at baseline (26/190)
and 6.7% of the group without SCC at baseline (9/135) had
developed VH at V2 (p=0.032). In contrast, in the subgroup of

patients without SCC at baseline (1=142), 42.7% of the group
with VH at baseline (3/7) and 42.2% of the group without VH
at baseline (57/135) had developed SCC at V2 (p=0.632). Like

Table 2. Disease-related characteristics, motor and nonmotor symptoms, autonomy in performing the activities of daily living, and quality of life

in patients with PD with and without SCC at baseline (n=499)

Entire sample

Patients with

PD-NC with SCC  PD-NC without SCC

Patients with

p

(n=376) (n=234) (n=142)
Age (yr) 61.1418.73 62.31£8.40 60.8619.26 0.791
Sex, male (%) 58.2 60.3 54.9 0.182
Disease duration (yr) 5.29+39 5.53+3.99 4914372 0.144
Levodopa equivalent daily dose (mg) 547.61+£396.44  569.35+390.69 512.39+404.5 0.099
Motor phenotype (%) 0.363
Tremor dominant 495 47.4 52.8
PIGD 34.0 36.8 29.6
Indeterminate 16.5 15.8 17.6
Hoehn and Yahr stage 2[1.5-2] 2 [1.5-2] 2 [1.5-2] 0.412
From 3 to 5 (%) 7.8 8.6 6 .5 0319
UPDRS-III score 21.09£10.1 22.25110.57 19.2£9.05 0.008
UPDRS-IV score 1.861+2.33 2.08+2.47 1.5+2.05 0.006
Motor fluctuations (%) 31.1 333 275 0.141
Dyskinesia (%) 17.4 18.1 16.3 0.391
FOGQ score 3.3114.34 3.77+46 2.54+4.02 0.002
Patients with FOG (9%) 29.9 34.6 220 0.006
Patients with falls (%) 9.8 12.8 4.9 0.008
PD-CRS total score 98.38+11.33 97.44111.15 99.92+11.45 0.026
PD-CRS FS subscore 69.79+10.83 69.151£10.6 70.85+11.16 0.112
PD-CRS PC subscore 28.59+2.36 28.312.79 29.07+1.25 0.029
VH (%) 13.6 18.8 4.9 <0.001
NMSS score 415743451 51.94+37.05 24.49+20.64 <0.001
Severe or very severe nonmotor symptoms burden (NMSS score >40) (%) 383 51.7 16.2 <0.001
BDI-II score 7.4316.41 9+6.92 4.8514.42 <0.001
Major depression (%) 12.2 17.1 42 <0.001
NPI score 5.14+7.28 593+7.81 3.681+5.94 0.002
QUIP-RS score 4.30%8.10 5.5519.80 2.791+6.99 <0.001
PDSS score 118.46+24.55 113.381+27.12 126.85116.54 <0.001
VAS-Pain score 2491284 2.721+2.86 2.12%2.79 0.019
Patients with pain (%) 57.7 63.7 479 0.002
VASF-physical score 2.74%2.65 3.19+2.67 2.00£2.45 <0.001
VASF-mental score 2.00%2.42 2441250 1.27+2.09 <0.001
ADLS score 89.841+8.64 86.7619.20 91.624+7.30 0.004
Patients with functional dependency (%) 5.1 6.8 2.1 0.032
PDQ-39SI score 15.51£12.41 18.8£13.36 10.0918.18 <0.001
EUROHIS-QOLS score 3.83+0.53 3.74+0.54 3.98+0.45 <0.001

Data are percentage, mean®SD or median [interquartile range] values. Chi-square and Mann-Whitney-Wilcoxon tests were applied to compare pa-
tients with and without SCC at baseline. Data on Hoehn and Yahr stages and UPDRS-III scores were obtained from during the Off state.

ADLS, Schwab and England Activities of Daily Living Scale; BDI-II, Beck Depression Inventory-II; EUROHIS-QOLS, 8-item EUROHIS-QOL index; FS,
frontal-subcortical; NMSS, Non-Motor Symptoms Scale; NPI, Neuropsychiatric Inventory; PC, posterior-cortical; PD-CRS, Parkinson's Disease Cogni-
tive Rating Scale; PD-NC, Parkinson's disease with normal cognition; PDQ-39SlI, 39-item Parkinson's Disease Quality of Life Questionnaire Summary
Index; PDSS, Parkinson's Disease Sleep Scale; PIGD, Postural Instability Gait Difficulty; QUIP-RS, Questionnaire for Impulsive Compulsive Disorders in
Parkinson's Disease Rating Scale; SCC, subjective cognitive complaints; UPDRS, Unified Parkinson's Disease Rating Scale; VASF, Visual Analog Scale-
Fatigue; VAS-Pain, Visual Analog Scale-Pain; VH, visual hallucinations.

350 J Clin Neurol 2023;19(4):344-357



at baseline, no relationship was observed between drug treat-
ment and VH at V2 in patients with and without VH: levodo-
pa (89.4% vs. 87.4%, p=0.378), dopamine agonist (71.2% vs.
75.8%, p=0.393), MAO-B inhibitor (78.8% vs. 77.1%, p=0.432),
COMT inhibitor (33.3% vs. 26.8%, p=0.253), amantadine
(12.1% vs. 10%, p=0.668), or anticholinergic drugs (4.5% vs.
2.6%, p=0.328).

Change in cognition related to VH and SCC

At the 2-year follow-up, the PD-CRS total score had signifi-
cantly decreased in both patients with PD-NC with VH (n=>51,
from 96.82+10.76 to 91.08+17.85, Cohen’s d=-0.71, p=0.001)
and with PD-NC but without VH (1n=325, from 98.62+11.41
to 96.26+14.6, Cohen’s d=-0.31, p<0.001). The FS and PC
subscores of PD-CRS also decreased significantly in both
groups (Table 3). Comparing both groups, in patients with
PD-NC with VH, the score on the PD-CRS PC subscale de-
creased significantly more than that in patients with PD-NC
without VH (Cohens d=-0.41 vs. -0.23, p<0.001). A signifi-
cant trend was observed in the reduction of the PD-CRS total
score in the group with VH compared with the group without
VH (Cohen’s d=-0.71 vs. -0.31, p=0.061), but no differences
were detected in the PD-CRS FS subscore (Table 3). At V2,
the frequency of CI was significantly higher in patients with
than without VH at VO0: 33.3% (17/51) vs. 12.3% (40/325), p<
0.001 (Fig. 2A). Moreover, CI was significantly more frequent
at V2 in patients with PD with VH at V2 compared with those
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without VH at V2 (38.6% vs. 13.8%, p<0.001), and in those pa-
tients with persistent VH (i.e., at both V0 and V2) than in those
with no VH or with VH at only one of the two visits (24.6%
vs. 5.3%, p<0.001).

Regarding SCC, global cognitive function (PD-CRS total
score, Cohens d=-0.43 vs. -0.27, p=0.008) and FS function
(PD-CRS FS subscore, Cohens d=-0.53 vs. -0.23, p=0.035)
were significantly impaired in patients with PD-NC with SCC
compared with those without SCC (Table 4). However, pa-
tients with PD-NC without SCC exhibited a significantly larg-
er decrease in PD-CRS PC subscore compared with patients
with PD-NC and SCC (Cohen’s d=-0.31 vs. -0.23, p=0.003). A
significant trend (p=0.066) was observed in the higher frequen-
cy of CI at V2 in patients with PD-NC with SCC compared
with those without SCC (17.5% [41/234] vs. 11.3% [16/142])
(Fig. 2B). Similar results were observed when SCC at V2 were
considered (17.4% [43/247] vs. 10.9% [14/129], p=0.061).
When patients with persistent SCC (at VO and V2) were
compared with patients without persistent SCC, CI was more
frequent in the former (19.3% [36/187] vs. 11.1% [21/189],
p=0.020).

VH and SCC as predictors of CI at the 2-year
follow-up

In patients with PD-NC (n=376), VH presenting at VO was as-
sociated with CI at the 2-year follow-up (odds ratio [OR]=
3.56, 95% confidence interval=1.82-6.96, p<0.001). After ad-

Table 3. Changes in cognition in patients with PD-NC with vs without VH at VO (baseline) from VO to V2 (2-year follow-up, plus or minus 1 month)

Patients Patients Patients with Patients with
with PD with with PD with Cohen's PD without PD without Cohen's " \ ;
VHatVO  VHatV2  d VH VO VH V2 d 3 s
(n=51) (n=51) (n=325) (n=325)
PD-CRS total score 96.82+10.76  91.08+17.85 -0.71 0.001 98.62+11.41 96.26+14.6 -0.31 <0.001  0.100 0.061
PD-CRS FS subscore 70.67+9.07 66.61£14.32 -0.69 0.001 69.65+11.09 67.67+13.8 -0.28 <0.001 0.114 0.927
Immediate verbal memory ~ 8.96+1.80 8.5311.94 -0.32 0.103  8.45%1.86 8.64+2.75 0.10 0.1779  0.153 0.324
Sustained attention 9.33%+1.03 8.651+1.36 -0.69 0.001 9.03+1.21 8.6611.70 -0.29 <0.001 0.310 0.218
Working memory 8.41£1.75 7.57+1.70 -0.62 0003 7.65£1.90 7.24+193 -0.29 <0.001 0.180 0.013
Clock drawing 9.651+0.62 8.8611.45 -0.79 <0001 9.33%1.51 9.18+1.32 -0.M 0.154  0.022 N.A.
Delayed verbal memory 7.06£2.90 6.691£2.50 -0.25 0210 5971263 6.312.88 0.17 0.026 0.105 0.016
Alternating verbal fluency ~ 11.41£4.45 11.08+4.06 -0.43 0.032 1291396 12.11+4.47 -0.27 0.001 0.857 0.148
Action verbal fluency 12.243.17 14.24+7.04 028 0.160 16.33+5.18 15.56+5.50 -0.22 0.004 0.698 0.054
PD-CRS PC subscore 26.1614.58 25.47+5.23 -0.41 0.046 2897+1.46  28.59%+2.19 -0.23 0.003 0412 <0.001
Confrontation naming 16.27+457  16.12+4.81 -0.13 0485 19.19+£120 1895196  -0.17 0.030 0.787 <0.001
Clock copying 9.59+1.19 9.35+1.38 -060 0004 9.78+0.81 9.641+0.95 -0.16 0.033 0.041 N.A.

Data are mean£SD values. p values were computed using the GLM repeated-measures procedure.

*p, change over time (V2 vs. VO) in patients with PD-NC with VH at VO; *p, change over time (V2 vs. VO) in patients with PD-NC without VH at VO; *p,
group-Visit interaction; °p, patients with PD-NC with VH vs patients with PD-NC without VH. Age, disease duration, education, and LEDD at VO were in-
cluded as covariates. Patients with PD-NC with VH vs. patients with PD-NC without \VH were not applicable if the interaction test was significant (indicat-

ing that the rates of change over time differ between the two groups).

GLM; general linear model; LEDD, levodopa equivalent daily dose; N.A., not applicable; PC, posterior-cortical; PD, Parkinson's disease; PD-CRS, Parkinson's
Disease Cognitive Rating Scale; PD-NC, Parkinson's disease with normal cognition; PIGD, Postural Instability Gait Difficulty; VH, visual hallucinations.
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n=376
p<0.001

Clat V2 in PD-NC patients with vs. without VH at VO

B With Cl

I Without Cl

Clat V2 in PD-NC patients with vs. without SCCs at VO

n=376
p<0.001

250

200

I With Cl
I Without Cl

150
_ 285/319 _ 193/234
g (89.3) 8 82.5
£ = (825) 126/142
2 2 (987)
100
50
40/57
[742) 41/234
; 34/319 (17.5)
17/57 (29.8) (10.7) 0 16/142 (11.3)
PD-NC patients with VH PD-NC patients without VH PD-NC patients with SCCs PD-NC patients without SCCs
A B

Fig. 2. Cl at V2 regarding VH and SCCs. A: Frequency of cognitive impairment (Cl, defined as Parkinson's Disease Cognitive Rating Scale [PD-CRS]
total score of <81) in patients with Parkinson's disease with normal cognition (PD-NC) with vs without visual hallucinations (VH) at the 2-year fol-
low-up (V2). B: Frequency of Cl in patients with PD-NC with vs without subjective cognitive complaints (SCC) at V2.

Table 4. Changes in cognition in patients with PD-NC with vs without SCC at VO from VO to V2

Patients with Patients with Patients with Patients with
PD with PD with  Cohen's . PD without PD without Cohen's | . .
SCCVO  SCCV2 d 2 sccvo  sccv2 4 PP 2
(n=234) (n=234) (n=142) (n=142)
PD-CRS total score 97.44+11.15 941811539 -043 <0.001 9992+11.45 97.83%+1452 -027 0023 0434 0.008
PD-CRS FS subscore 69.15+10.6  66.31£13.81 -0.53 <0.001 70.85t11.16 69.16+13.84 -0.23 0050 0391 0.035
Immediate verbal memory ~ 8.4411.91 8.4112.23 -0.02 0.785 8.64+1.76 8.99+3.21 0.16  0.163 0.106  0.022
Sustained attention 9.14+1.17 8.57+1.72 -0.46 <0.001 8.9611.22 8.81£1.55 -0.12 0287 0.026 N.A.
Working memory 7.73£1.83 7.18%+1.78 -0.42 <0.001 7.78%2.02 7.451+2.09 -0.22 0064 0305 0.645
Clock drawing 9.38+1.48 9.51£1.19 0.25 0.007 9.36+1.33 9.32+1.08 -0.03 0754 0111 0.432

Delayed verbal memory 6.06£2.80 6.2212.82 0.09 0.310 6211250  6.5612.86 017 0.149 0729 0.233
Alternating verbal fluency ~ 12.49£3.70  11.74£4.53 -0.26 0004 1332+408 1231%£426 -033 0006 0362 0078

Action verbal fluency 15.90+557  15.16+5.81 -0.22 0016  1658+492 1573%562 -0.24 0045 0718 0177
PD-CRS PC subscore 2830%279  27.86%3.44 -0.23 0010 2907£125 2867+194 -031 0010 0976 0.003
Confrontation naming 18.50+£2.69  18.35%3.12 -0.09 0284  19.29+103 1892%180 -030 0010 0.199  0.007
Clock copying 9.80£0.88 9.51+1.19 029 0.002 9.78+t052  9.75X0.64 -006 0571 0.041 N.A.

Data are meanSD values.

p values were computed using a GLM repeated-measures procedure. *p, change over time (V2 vs VO) in patients with PD-NC with SCC at VO; *p,
change over time (V2 vs V0) in patients with PD-NC without SCC at VO; *p, group-visit interaction; *p, patients with PD-NC with SCC vs patients with
PD-NC without SCC. Age, disease duration, education, and LEDD at VO were included as covariates. Patients with PD-NC with SCC vs patients with PD-
NC without SCC were not applicable if the interaction test was significant.

FS, frontal-subcortical; GLM; general linear model; LEDD, levodopa equivalent daily dose; N.A., not applicable; PD, Parkinson's disease; PD-CRS, Parkin-
son's Disease Cognitive Rating Scale; PD-NC, Parkinson's disease with normal cognition.
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justing for age, sex, disease duration, education, LEDD, mo-
tor (UPDRS-IIT and UPDRS-IV) and nonmotor (NMSS) sta-
tus, mood (BDI-II), cognitive function (PD-CRS total score),
RBD, and taking a dopamine agonist at V0, VH at VO were
also associated with CI at V2 (OR=2.68, 95% confidence in-
terval=1.05-6.83, p=0.039; adjusted R*=0.39, Hosmer-Lem-
eshow test=0.87) (Table 5). Although SCC at V0 were not as-
sociated with CI at V2 after adjusting for the same covariates
(OR=1.01, 95% confidence interval=0.45-2.27, p=0.965),
having both VH and SCC at V0 markedly increased the prob-
ability of having CI at V2 (OR=3.71, 95% confidence inter-
val=1.36-10.17, p=0.011). Finally; a higher risk of CI at V2 was
observed in patients with PD-NC who suffered from persis-
tent VH and from persistent SCC simultaneously (n=24) af-
ter adjusting for the same covariates in the model (OR=8.32,
95% confidence interval=2.17-31.85, p=0.002; adjusted R’=
0.41, Hosmer-Lemeshow test=0.31).

DISCUSSION

This study found that VH and SCC occurred frequently in
patients with PD without CI, affecting about one in seven
and more than half of patients, respectively, and were more
common than in the controls. It was also observed that VH
and SCC were interrelated and that together they contribute
to increasing the risk of CI development over the short term.
In contrast, no SB (e.g., inflammation, degeneration) from
the COPPADIS study were associated with either VH or
SCCin the analysis.

The frequencies of VH and SCC were generally high but
have varied in previous studies according to the methodolo-
gy used, including the characteristics of the sample. The re-
ported prevalence of VH in PD was between 8.8% and 44%
according to a previous study.”’” In a large retrospective study
of 445 patients with pathologically confirmed PD diagno-
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ses, half of the patients had a history of VH, indicating a life-
time prevalence of 50%.” VH were found in 82.7% of 513
patients with PD from the United Kingdom followed over 36
months.”” VH may occur even earlier in the disease process,
but are often minor.* A recent study found that 34 out of 154
(22%) newly diagnosed patients with PD reported VH, with
minor VH being the most common.” The prevalence of VH
in our cohort was 13.6% at baseline and 17.6% at the 2-year
follow-up. Importantly and unlike other studies, all patients
at baseline in our analysis had PD-NC, and the results sug-
gested that VH is frequent even in PD without objective cog-
nitive problems. However, 62.2% of these patients had SCC,
and it was particularly interesting that VH were associated
with SCC. Given that SCC could be a risk factor for CI devel-
opment in PD,'®"" we analyzed the relationship between VH
and SCC, and found that VH were four times more frequent
in patients with PD-NC and SCC compared with those with-
out SCC. In line with our findings, Bejr-Kasem et al.** ob-
served 131 de novo patients with PD from the Parkinson’s Pro-
gression Marker Initiative, and found that 35.1% of the patients
developed minor hallucinations during the first 5 years of fol-
low-up, meaning an increased prevalence of subjective cog-
nitive decline compared with those who did not develop hal-
lucinations (44.1% vs. 13.9%, p<0.001).

One critical aspect of our analyses was that both VH and
SCC were defined according to specific questions from the
NMSS that ask for the symptoms, while a specific interview
to try to identify type and phenomenology, differential diagno-
sis, and other visual symptoms was not specifically conducted.
This type of post-hoc analysis was not initially considered in
the COPPADIS study protocol.”” However, as we reported
previously, this methodology is not infrequent when scales
are used (e.g., constipation,” freezing of gait,”* motor fluctua-
tions,” dysphagia,” and psychotic symptoms™), and a PD ex-
pert conducted face-to-face interviews with the subjects. More-

Table 5. Analysis of Cl (defined as PD-CRS total score of <81) risk at the 2-year follow-up related to VH and/or SCC in patients with PD-NC (n=376)

OR* OR" Hosmer-Lemeshow test  R? 950 CI* 9509 CI* p* p'
VH at Vo 3.56 2.68 0.87 0.39 1.82-6.96 1.05-6.83 <0.001 0.039
SCC at VO 1.67 1.01 0.57 0.37 0.90-3.11 0.45-2.27 0.104 0.965
VH and SCC at VO 4.05 3.71 0.83 0.40 2.02-8.13 1.36-10.17 <0.001 0.0m1
Persistent VH 5.78 4.35 0.47 0.39 2.66-12.56 1.37-13.78 <0.001 0.012
Persistent SCC 1.91 1.19 0.48 0.37 1.06-3.41 0.54-2.61 0.029 0.654
Persistent VH and persistent SCC ~ 8.27 8.32 031 0.41 3.49-19.6 2.17-31.85 <0.001 0.002

Dependent variable: Cl at V2. Age, sex, disease duration, education, LEDD, motor (UPDRS-IIl and UPDRS-IV) and nonmotor (NMSS) status, mood (BDI-
1), cognitive function (PC-CRS total score), REM behavior disorder, and taking a dopamine agonist at VO were included as covariates in the model. Sim-
ilar results were found when different drugs that patients were taking at VO (levodopa, dopamine agonist, MAO-B inhibitor, COMT inhibitor, amanta-

dine, and anticholinergic drugs) were included in the model.
*Univariate analysis; *Multivariate analysis.

BDI-II, Beck Depression Inventory-II; Cl, cognitive impairment; LEDD, levodopa equivalent daily dose; NMSS, Non-Motor Symptoms Scale; SCC, sub-
jective cognitive complaints; UPDRS, Unified Parkinson's Disease Rating Scale; VH, visual hallucinations.
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over, we compared the prevalence of VH with a control group,
and both VH and SCC were found to be more frequent in pa-
tients with PD. Cross-sectional data collected from 414 pa-
tients with PD using a questionnaire circulated via an online
patient community indicated a VH prevalence of 15.5%.”
Similar to our study, Martinez-Martin et al.*® identified 72 out
of 411 (17.5%) patients as patients with PD with VH using the
NMSS. The sensitivity and specificity of detecting VH and
SCC were partly influenced by the number of questions (one
question for VH but three for SCC). The prevalence of SCC in
our cohort was 62.2% at baseline and 65.7% at the 2-year fol-
low-up, both of which were significantly higher than in con-
trols; the complaints were specifically not only for subjective
memory but also for concentration. Using only a single ques-
tion (“Do you feel that your memory and thinking have got-
ten worse?”), Purri et al."* found that 81 out of 153 patients
with PD (52.9%) with consensus process-determined NC at
baseline reported SCC. The Parkinsons Disease Cognitive
Impairment Study conducted recently in Italy found that SCC
were present in 88 of 147 patients with PD (59.8%), 27.2% of
those with NC, and 32.6% of those with MCL" In that study,
26.1% of the patients with MCI did not have SCC, which was
consistent with our finding of 28.1% (16/57) at the 2-year fol-
low-up. SCC seemed to be frequent even in early PD. Pan et
al.'® very recently observed that up to 42.3% (42/108) of new-
ly diagnosed nondemented patients with PD reported SCC.
Unlike other studies,”>" they used the Cognitive Complaint
Interview, which is a more-appropriate subjective measure
that includes ten questions that explore the cognitive, memory,
and behavioral domains. In summary, previous and new data
suggest that VH and SCC are frequent even in patients with
PD-NC and that these symptoms could be related.

The univariate analysis identified many factors that were
associated with VH and SCC. Importantly;, neither of these two
variables were associated with age, sex, disease duration, or
LEDD. However, patients with VH and with SCC generally
had worse motor and nonmotor symptoms, QoL, and autono-
my in performing the activities of daily living. Previous stud-
ies found that higher age, longer illness duration, more-se-
vere motor symptoms, CI, and dementia, dopamine agonist
use, depression, and sleep disturbances were strongly associ-
ated with VH.??"** All of the patients in this subgroup from
the COPPADIS cohort had PD-NC at baseline, an age limit
of 75 years at baseline, and the short mean time from symp-
tom onset (5.3 years), which could explain why age and dis-
ease duration were not associated with VH in the present anal-
ysis. We detected that mood was associated with both VH
and SCC, with major depression being up to four times more
frequent in patients with PD-NC with SCC than in those with-
out SCC. Some studies have similarly found SCC to be corre-
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lated with psychiatric symptoms including depression,''>"”

suggesting that SCC in PD have a different etiology according
to the presence of MCI and/or depressive symptoms. Anoth-
er interesting observation was that depressive symptoms as a
comorbid factor could explain why SCC were perceived to be
associated with impaired FS functions (PD-CRS FS subscore)
in our cohort at the 2-year follow-up, whereas the presence
of VH was associated with PC dysfunction (PD-CRS PC sub-
score). However, PC dysfunction was due to clock-copying
impairment but not to confrontation naming, which was as-
sociated with greater worsening of symptoms in both patients
without VH and without SCC. Confrontation naming is com-
plex and involves the visual-perceptive, semantic, and phono-
logical output stages, which might involve different areas of
the brain. However, in clock copying but not in clock draw-
ing, the function could be more specific to visuospatial areas.
In particular, the frontostriatal syndrome does not predict
PDD, whereas PC syndrome does.*** In this context, some
biomarkers could help us to understand the origin of these
complications in patients with PD,**"**¢ but we did not de-
tect differences in the SB analysis. Although previous studies
found that SCC were an independent predictor of MCI de-
velopment in CN patients with PD,''"* only persistent SCC
were associated with CI in our study when no other covari-
ates were considered. On the contrary and as reported previ-
ously,*® VH were an independent predictor for CI after adjust-
ing for many other variables, even including cognitive function
at baseline (PD-CRS total score). With respect to the previous
literature, the novel and very interesting finding was that the
presence of SCC increased the probability of developing CI
compared with only suffering from VH (for persistent symp-
toms, 8.3% vs. 4.4%), making it an independent predictor af-
ter controlling for motor and nonmotor symptoms, medica-
tion (LEDD and dopamine agonist), and cognitive function.
In clinical practice, it could be useful and very easy to firstly ask
patients with PD-NC about VH and then SCC. If both symp-
toms are present, it is necessary to consider that a high short-
term risk of CI development could exist independently of age,
disease duration, or even objective cognitive function.

The present study had some limitations. First, as indicated
above, a post-hoc analysis was performed in which VH and
SCC were considered based on answers to questions from the
NMSS (yes/no) referring to the 4 weeks prior to assessment,
and a complete assessment about the symptoms and specific
tools was not conducted.*** Second, selection bias may have
been present since this study involved a patient population
that tended to have early-to-moderate PD. Third, the sam-
ples of some subgroups for some analyses were small. Final-
ly, this study did not include pathological data. One strength
of this study was that it performed the largest prospective lon-



gitudinal analysis of PD to identify relationships among VH,
SCC, and CI. Other strengths were the comparison with a con-
trol group, the exhaustive assessments at both visits of many
variables, the inclusion of SB, and consistent results in the bi-
nary model after adjusting for many covariates, even includ-
ing the PD-CRS total score at baseline that explained about
40% of the variance.

In conclusion, VH and SCC were frequent in patients with
PD with normal objective cognition, both symptoms were in-
terrelated, and together they significantly increased the short-
term CI risk. Asking about VH and SCC could be useful in
clinical practice.
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