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Hallucinations remain problematic in Parkinson's disease (PD). Various factors have been studied, andmany pre-
vious studies identified risk factors for hallucinations, such as sleep disorders. At the same time, fatigue is a com-
mon symptom in Parkinson's disease, and any factors associated with fatigue in PD have been reported. Factors
associated with fatigue in PD are likely to be similar to risk factors for hallucinations. However, fatigue has been
not been reported to be a risk factor for hallucinations in previous studies. We prospectively studied non-
hallucinators with PD during 3 years to identify factors associated with the onset of hallucinations, including
fatigue. We initially screened 100 consecutive patients and registered 78 patients with PD. During 3 years of
follow-up, 31 patients newly presented with visual hallucinations. A total of 18 variables were evaluated by
logistic regression analysis. Brief Fatigue Inventory (BFI) (OR = 1.027, p = 0.045, 95% CI = 1.001–1.053) was
related to first-onset hallucinations on multivariate logistic regression analysis. The present study is the first to
demonstrate an association of fatigue with the onset of hallucinations. Fatigue, especially mental fatigue, can
be a risk factor for future hallucinations.

© 2016 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Hallucinations remain problematic in Parkinson's disease (PD) be-
cause they negatively affect the quality of life of not only the patients,
but also the caregivers. We often encounter patients with new-onset
hallucinations that progress to uncontrolled delirium. Knowledge
about predictable risk factors for first-onset hallucinations is thus very
important. Various factors have been studied, and many previous stud-
ies identified risk factors for hallucinations, such as older age, female
gender, prolonged disease duration, depression, daytime somnolence,
insomnia, excessive daytime sleepiness, cognitive impairment, severity
of motor symptoms, motor complications, autonomic dysfunction, and
medication dosage [4,11,14,17,42]. In particular, sleep disorders, includ-
ing rapid eye movement (REM)-sleep behavioral disorder, dream-
enacting behavior, and nightmares, are known to an important risk
factor for hallucinations [4,11,14,17]. At the same time, fatigue is a
common symptom in Parkinson's disease (PD), ranging in prevalence
from 37% to 56% [6]. Many factors associated with fatigue in PD have
been reported, such as PD duration, female gender, depression, sleep
disturbance, excessive daytime sleepiness, REM behavioral disorder,
motor symptoms, autonomic dysfunction, apathy, and dopaminergic
treatment [2,5,6,32,38,40]. Now, the presence or severity of fatigue is
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recognized to be significantly associated with both motor and non-
motor symptoms in PD [37]. Factors associated with fatigue in PD are
likely to be similar to risk factors for hallucinations. To our knowledge,
however, fatigue has been not been reported to be a risk factor for
hallucinations in previous studies [4,11,14,17,42]. We prospectively
studied non-hallucinators with PD during 3 years to identify factors
associated with the onset of hallucinations, including fatigue and sleep
disorders.

2. Material and methods

2.1. Participants and initial assessments

We initially screened 100 consecutive patients who fulfilled the UK
Parkinson's Disease Society Brain Bank criteria [22]. In accordance
with our recently reported methods [26,27], we first had the patients
complete diary questionnaires for 4 weeks (Supplemental material
1) to exclude patients who had hallucinations or who had dementia
or higher brain dysfunction that would preclude following our instruc-
tions. The clinical diary included a total of 10 questions and inquired
about hallucinations (item 9), vivid nightmares (items 1 and 2),
dream-enactment behavior (items 3, 4, 5, and 7), and sleep fragments
associated with vivid dreams (item 8). Items 3, 5, 7, and 9 were asked
to both the patients and their bed partners. The patients wrote their re-
sponses to the questions after awakening in the morning. If a patient
had drunk alcohol the previous night (item 10), we did not use their
the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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responses for last night. If they did not remember any dream or the ex-
perienced dreamswere not judged to be nightmares, we did not use the
responses associated with such dreams. Patients who responded that
they had hallucinations (item 9) were excluded. Patients who were
given quetiapine, clozapine, rivastigmine, donepezil, galanthamine,
yokukansan, or neuroleptic medications were excluded. Patients who
had received deep brain stimulation surgery or a previous diagnosis of
schizophrenia, as well as patients who had a history of hallucinations
were also excluded. The severity of PD was graded according to the
scores on the Unified Parkinson's Disease Rating Scale (UPDRS) [13].
Cognition function was assessed with theMini-Mental Status Examina-
tion (MMSE). The Brief Fatigue Inventory (BFI) included the evaluation
of the severity of fatigue itself at the present time and during the past
24 h and of the impairment of 6 activities of daily living (general activ-
ity, mood, walking ability, normal work, relations with other people,
and enjoyment of life), and the degree of each activity was rated from
“no fatigue” and “does not interfere” (0 points) to “bad” and “complete-
ly interferes” (10 points), respectively [30]. The Zung Self-Rating De-
pression Scale (SDS) was used to evaluate depression [43]. SDS is
widely used as a self-administered psychological test, and a high score
indicates severer depression. Several studies have used SDS to evaluate
depression in PD [25]. The Zung Self-Rating anxiety scale and
Parkinson's Disease Sleep Scale (PDSS) [8] have also been used. PDSS
items were grouped according to domain: sleep quality (items 1–3),
nocturnal motor symptoms (items 9–13), and daytime somnolence
(items 14 and 15) [34,39]. The daily dose of antiparkinsonian agents
Fig. 1. Selection procedure
was converted into the equivalent dose of levodopa as follows:
100 mg standard levodopa = 140 mg controlled release levodopa =
10 mg, bromocriptine = 1 mg pergolide = 1.5 mg cabergoline =
5 mg ropinirole = 1 mg pramipexole = 10 mg selegiline [31,36]. No
patient received rotigotine.

2.2. Follow-up assessments

From among the 100 patients, we registered 78 patients with PD
(Fig. 1). In accordance with our previously described methods [26,27],
the interviewer personally interviewed the patients once every 1 to
3 months to inquire about the presence or absence and the frequency
of hallucinations in the visual, auditory, tactile, and olfactory domains,
and we promptly obtained responses from all patients. The interviewer
also inquired whether the hallucinationswere with or without retained
insight, threatening or not, and with or without delusions or delirium,
and whether the patients or their caregivers suffered from the halluci-
nations. These questions were also asked to the patients' caregivers. If
discordant responses were obtained, the interviewer used best judg-
ment. During 3 years of follow-up, we excluded patients who showed
evidence of epilepsy, stroke, transient ischemic attacks or who were
admitted to the hospital because of physical problems such as cardiac
failure or pulmonary infection orwho had undergone surgical interven-
tion. In addition, no patient who newly experienced hallucinations
during the follow-up period had mental impairment, impaired
consciousness, dementia, or impaired higher brain dysfunction such as
for analyzing patients.
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inattention or agnosia, which would have precluded following our in-
structions. The end point was defined as the presence of hallucinations.
If a patient with first-onset hallucinations discontinued the study be-
cause of physical problems, the patient was included in the subsequent
analysis. The study was discontinued in five patients with first-onset
hallucinations (death in 2 and severe compression spinal fracture in
1). A total of 15 patients were excluded, and the remaining 63 patients
were included in data analysis.
2.3. Statistical analysis

The 63 patientswere divided to two groups: patientswith hallucina-
tions and those without hallucinations. Variables with a normal distri-
bution are presented as the means ± SD, and variables with an
asymmetrical distribution are presented as medians and the interquar-
tile range (IQR). Variables that were not normally distributed were
transformed to natural logarithms or categorical quartile groups. Differ-
ences in variables between patients with and those without first-onset
hallucinations were evaluated by the Mann–Whitney test. A total of
18 variables were evaluated: variables were categorized as (1) age,
(2) sex, (3) log-transformed disease duration, (4) log-transformed levo-
dopa equivalent dose, (5) Hoehn–Yahr stage, (6) total UPDRS score,
(7) UPDRS part III score, (8) motor complications (absent = 0, present
[defined as an increased score on UPDRS part IV] = 1),
(9) MMSE b 26, (10) SDS ≧ 50 [43], (11) Zung Self-Rating anxiety
score ≧ 50 [16], (12) BFI, (13) log-transformed sum score of items on
PDSS (excluding items 6 and 7, associated with dreams and hallucina-
tions, respectively, which were rated from the direction of good to bad
sleep), (14) sleep quality on PDSS, (15) log-transformed nocturnal
motor symptoms on PDSS, (16) daytime somnolence on PDSS, (17)
nightmares (absent=0, present=1), and (18) dream-enacting behav-
ior (absent = 0, present = 1). Variables that were significantly related
to the first-onset hallucinations on univariate logistic regression analy-
sis (p b 0.05) were entered into multivariate logistic regression analysis
using forced entry. Odds ratios (OR) and 95% confidence intervals (CI)
were calculated. Correlations of significant independent variables on lo-
gistic regression analysis were evaluated by Spearman's rank correla-
tion test. SPSS software (Version 18) was used for statistical analysis.
Table 1
Basic characteristic of patients with Parkinson's disease who presented with the first-onset hal

Variables Total n = 63

Age, mean 69.8, 7.8
Male, n 26, 41.2
Disease duration, average (months) 50.73, 33.0
Log-transformed, mean 3.57, 0.93
Total levodopa equivalent dose, average (mg/day) 229.77, 214.0
Log-transformed, mean 4.68, 1.98
Hoehn–Yahr stage 2.77, 0.63
Total UPDRS score, mean 37.85, 15.66
UPDRS part III, mean 23.90, 10.121
Motor complications, n 34, 53.9
MMSE b 26, n 10, 15.8
SDS ≧ 50, n 5, 7.9
Zung Self-rating anxiety score ≧ 50, n 7, 11.1
Brief Fatigue Inventory, mean 30.50, 21.76
Total PDSS score, average 415.80, 373.0
Log-transformed, mean 5.81, 0.70
Sleep quality on PDSS, IQR⁎ 42.0 (20.6, 53.0)
Nocturnal motor symptoms on PDSS, average⁎ 19.93, 14.6
Log-transformed, mean 2.35, 1.39
Daytime somnolence on PDSS, IQR⁎ 26.5 (5, 36.5)
Nightmare, n 21, 33.3
Dream enacting behavior, n 11, 17.4

UPDRS: new revised Unified Parkinson's Disease Rating Scale, PDSS: Parkinson's Disease Sleep
number, data are reported as mean (SD), median (IQR: interquartile range), number (%) or av
⁎ Calculated the score from subscores on PDSS.
3. Results

A total of 31 patients newly presented with visual hallucinations,
and six patients had both visual and auditory hallucinations. Hallucina-
tions in eight patients were unaccompanied by retained insight. Delu-
sions or delirium developed in four of the eight patients, and the three
of these patients started to receive neuroleptic drugs. Nine patients
had threatening hallucinations. At the final follow-up, eight patients or
their caregivers suffered from hallucinations.

The log-transformed levodopa equivalent dose (p = 0.034), total
UPDRS score (p= 0.034), and BFI (p= 0.032) differed significantly be-
tween patients with and those without first-onset hallucinations
(Table 1 and Fig. 2). Univariate logistic regression analysis showed
that BFI (OR = 1.029, p = 0.023, 95% CI = 1.004–1.055) and the total
UPDRS score (OR= 1.031, p = 0.043, 95% CI = 1.001–1.073) were sig-
nificantly related to first-onset hallucinations (Table 2). Onmultivariate
logistic regression analysis, BFI (OR=1.027, p=0.045, 95%CI=1.001–
1.053) was related to first-onset hallucinations. There were no signifi-
cant interactions between these predictive factors. Furthermore, when
we additionally entered cognitive impairment as defined by a MMSE
score of b26, whichwas reported to be a significant risk factor for hallu-
cinations [4,11], intomultivariate logistic regression analysis, the results
similarly showed that BFI (OR = 1.026, p = 0.048, 95% CI = 1–1.053)
was related to first-onset hallucinations.

Subitems on the BFI showed that the scores for general fatigue (p=
0.02), mood (p = 0.042), and relations with other people (p = 0.021)
were significantly lower in patients with first-onset hallucinations
than in those without hallucinations (Table 3). There was no difference
between the two groups in the subscores for walking ability (p =
0.184), normal work including both work outside the home and dairy
chores (p = 0.07), or enjoyment of life (p = 0.129).

4. Discussion

Our study uniquely showed that fatigue was a significantly associat-
ed with first-onset hallucinations. Many studies have attempted to
identify factors associated with hallucinations, but the results have
been inconsistent, and “fatigue” was not evaluated, except for one
cross-sectional study of 81 patients with PD [37]. In contrast to our
lucination and those without hallucinations.

Non-hallucinators n = 32 Hallucinators n = 31 p

68.7, 9.1 71.0, 6.1 0.441
14, 43.7 12, 38.7 0.687
47.09, 32.0 54.48, 41.0
3.39, 1.02 3.74, 0.79 0.191
198.75, 146.0 261.80, 247.0
4.20, 2.30 5.17, 1.45 0.034⁎

2.62 0.70 2.93, 0.51 0.061
33.84, 12.87 42, 17.34 0.034⁎

22.00, 9.16 25.87, 10.81 0.12
16, 50.0 18, 58.0 0.706
5, 15.6 5, 16.1 0.957
1, 3.1 4, 12.9 0.154
3, 9.3 4, 12.9 0.659
24.25, 17.72 36.96, 23.87 0.032⁎

377.62, 336.5 455.22, 386.0
5.71, 0.70 5.91, 0.69 0.383
42.0 (21.6, 47.6) 41.45 (18.6, 57.0) 1
16.85, 9.0 23.11, 20.4
2.13, 1.41 2.59, 1.36 0.157
24.5 (5, 37.0) 27.0 (11.0, 36.5) 1
10, 31.2 11, 35.4 0.724
4, 12.5 7, 22.5 0.296

Scale, MMSE: Mini-Mental Status Examination, SDS: Zung Self-Rating Depression Scale, n:
erage (median).



Fig. 2. Brief Fatigue Inventory between patients with Parkinson's disease who presented
with the first-onset hallucination and those without hallucinations.

Table 3
Subitems of Brief Fatigue Inventory between patients with Parkinson's disease who
presented with the first-onset hallucination and those without hallucinations.

Non-hallucinators
n = 32

Hallucinators
n = 31

p

General fatigue (mean, median, range) 2.3, 2, 0–7 4.2, 4, 0–10 0.02⁎⁎

Mood 2.1, 2, 0–5 3.6, 3, 0–10 0.042⁎⁎

Walking ability 3.7, 3, 0–10 4.8, 5, 0–10 0.184
Normal work⁎ 3.1, 3, 0–9 4.7, 5, 0–10 0.07
Relations with other people 1.8, 1, 0–8 3.7, 2, 0–9 0.021⁎⁎

Enjoyment of life 2.4, 2, 0–8 3.7, 4, 0–10 0.129

⁎ Includes both work outside the home and dairy chores.
⁎⁎ P b 0.05.
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results, that study [37] did not find a significant association between fa-
tigue and hallucinations despite the fact that the Parkinson's fatigue
scale as well as the Fatigue Severity Scale were used to evaluate the de-
gree of problems caused by fatigue. The reason for the different results
might be attributed to the different means used to detect hallucinators:
the previous study [37] was cross-sectional study, and the presence of
hallucinations was evaluated on the basis of the Non-motor Symptoms
Scale for PD; in contrast, our study prospectively identified first-onset
hallucinations by repeated face-to-face interviews with the subjects.
Also the presence of fatigue was methodically different, so the previous
study used the cut-off value of both the Parkinson's fatigue scale and the
Fatigue Severity Scale, and BFI in the present study used the rating scale.

Serotonin is closely associated with fatigue in chronic fatigue syn-
drome [10,41], and such patients showed widespread reduction of spe-
cific radioligand for serotonin 5-HT1A receptors on positron emission
tomography (PET), particularly marked in the limbic areas including
the hippocampus, amygdala, and insular and anterior cingulate [10]. Se-
rotonin reuptake inhibitors are commonly used to treat chronic fatigue
syndrome. In patients with PD, the postmortem brain tissue pathologi-
cally showed the degeneration of not only dopaminergic neurons but
also serotoninergic neurons [19,21]. PET studies usingmarkers of dopa-
mine storage capacity and serotonin transporter in patientswith fatigue
have shown serotonergic denervation in the basal ganglia and the
Table 2
Logistic regression analysis for the first-onset hallucinations in patients with Parkinson's disea

Variables Crude odds ratio (95% C

Age 1.042 (0.973 to 1.116)
Male 0.812 (0.297 to 2.218)
Log-transformed disease duration 1.532 (0.87 to 2.699)
Log-transformed total levodopa equivalent dose 1.327 (0.981 to 1.795)
Hoehn–Yahr stage 2.349 (0.967 to 5.705)
Total UPDRS score 1.036 (1.001 to 1.073)
UPDRS part III score 1.04 (0.988 to 1.095)
Motor complications 1.385 (0.512 to 3.743)
MMSE b 26, 1.038 (0.269 to 4.012)
SDS ≧ 50 4.593 (0.483 to 43.627)
Zung Self-rating anxiety score ≧ 50 1.432 (0.293 to 6.995)
Brief Fatigue Inventory 1.029 (1.004 to 1.055)
Log-transformed total PDSS score 1.514 (0.729 to 3.143)
Sleep quality on PDSS 1 (0.546 to 1.831)
log-transformed nocturnal motor symptoms on PDSS 1.274 (0.882 to 1.84)
Daytime somnolence on PDSS 1 (0.546 to 1.831)
Nightmare 1.21 (0.424 to 3.454)
Dream enacting behavior 2.042 (0.532 to 7.829)

UPDRS: new revised Unified Parkinson's Disease Rating Scale, PDSS: Parkinson's Disease Sleep
adjusted for total UPDRS score, and Brief Fatigue Inventory.
⁎ P b 0.05.
limbic circuits including the cingulate gyrus, amygdala, and insular cor-
tex as compared with non-fatigued patients [33]. At the same time, se-
rotonin 5-HT receptors are highly expressed in the visual brain areas
[12,24], and serotonin 5-HT1A and 2A receptor binding is increased in
the orbitofrontal and temporal cortex [9]. Serotonin 5-HT2A receptors
have been implicated in the pathogenesis of visual hallucinations in
PD [3,23]. Atypical antipsychotic agents such as quetiapine, which are
serotonin 5-HT2A and 2C antagonists [1], have been an effective treat-
ment for hallucinations in PD. A PET study using a marker for serotonin
5-HT2A receptor availability demonstrated increased serotonin 5-HT2A
receptor binding in the ventral visual pathway including the bilateral in-
ferior occipital gyrus, inferotemporal cortex, right fusiform gyrus, and
insula [3]. Pathologically, 5-HT2A receptor expression was increased in
the inferior temporal cortex, and the temporal lobe is likely to be in-
volved in visual processing [23]. These studies showed some near and
commonly associated brain areas in patients with fatigue as well as
those with hallucinations, particularly in the temporal lobe. Serotonin
neurons in the dorsal raphe nuclei project mainly to the basal ganglia,
particularly the striatum, but also to the limbic system [35]. Serotoner-
gic alternation contributes to both fatigue and the onset of hallucina-
tions. Thus, fatigue was identified as a risk factor for first-onset
hallucinations in the present study.

The subscore for mood or relationswith other people on the BFI was
significantly decreased in patients with first-onset hallucinations. In
contrast, the subscore for walking ability or normal work on the BFI,
which is related to physical fatigue, did not significantly differ between
patients with and those without hallucinations. In PD, mental fatigue is
reportedwhen patients lackmotivation andmay result fromdepression
se.

I) P Adjusted odds ratio (95% CI)a P

0.237
0.685
0.14
0.066
0.059
0.043⁎ 1.032 (0.995 to 1.071) 0.087
0.131
0.521
0.956
0.184
0.657
0.023⁎ 1.027 (1.001 to 1.053) 0.045⁎

0.266
1
0.197
1
0.722
0.298

Scale, MMSE: Mini-Mental Status Examination, SDS: Zung Self-Rating Depression Scale, a:
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[29]. Suchmental fatiguemight bemore closely associatedwith halluci-
nations than physical fatigue.

The prevalence of hallucinations in the present longitudinal study
was high, with a rate of 49%. Community-based samples have shown a
prevalence rate of 16% to 23% in patients with PD, and in prospective
cross-sectional studies the rate increased to 22% to 38% [11]. The preva-
lence rate of hallucinations also increases over time, and longitudinal
studies reported that the rate reached 54% after 20 years of follow-up
[11].

Sleep disorders are an important risk factor for hallucinations, but
we found no association of scores on the PDSS, nightmares, or dream-
enacting behavior with first-onset hallucinations. These factors were
evaluated at study entry (3 years ago), and if evaluations were per-
formedwithin a short period from the onset of hallucinations, these fac-
tors might have been shown to be related to hallucinations. Concurrent
vivid dreams/nightmares accompanied by concurrent acting out of
dreams were shown to be strongly associated with the presence of
hallucinations, but these factors have no predictive value for the future
development of hallucinations [17]. Hallucinations and sleep disorders
are distinct behavioral abnormalities with different patterns of progres-
sion [17]. Our observations also showed that nightmare or dream-
enacting behavior was more often evident in patients with first-onset
hallucinations, whereas these factors were not predictors of
hallucinations.

We used the BFI to validate fatigue, and the odds ratio was low. The
reason for this outcome was that we did not use a specific Parkinson's
fatigue scale derived from questionnaires designed for patients with
PD [7]. The Parkinson's fatigue scale includes the presence of not only
PD-specific physical but also mental fatigue. Depression can trigger or
aggravate hallucinations [15] and is closely linked to physical and men-
tal fatigue [18]. The present study evaluated depression bymeans of the
SDS. The Quick Inventory of Depressive Symptomatology (QIDS-J) in-
cludes 16 items and is in accordance with the Diagnostic and Statistical
Manual of Mental Disorders (DSM-IV) [28]. The Hamilton depression
score has been frequently used as a tool for evaluating depression
[20]. These questionnaires can play an important role in better investi-
gating the association of depression with hallucinations. Other limita-
tions in the present study were the small number of hallucinators and
the long interval of the face-to-face interviews. If we had used a written
dairy for the presence of hallucinations, the number of hallucinations
might have increased.

In conclusion, the present study is the first to demonstrate an associ-
ation of fatigue with the onset of hallucinations. Fatigue, especially
mental fatigue, can be a risk factor for future hallucinations.

Supplementary data to this article can be found online at http://dx.
doi.org/10.1016/j.ensci.2016.04.001.
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